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ABSTRACT 

This paper, which analyzes the evaluative aspect of 
affectivity, argues that the functional internalization of organic 
evolution for the formation of the intellectual system of human 
beings required that some means of selecting behavioral variations be 
devised, and that the selective mechanism devised was the affective 
system. From this perspective, it becomes possible to relate Pugh's 
(1977) conception of value-driven decision systems and his account of 
affective mechanisms to Cellerier' s (1979a, 1979b) analysis of 
pragicatic and epistemic transformations. Tenuous as the resulting 
model may be, it gives a picture more complete than other models of 
the role affective evaluations play in adapting action and in 
constructing knowledge. In a preliminary way, the model also allows 
the bringing together of empirical data on problem solving, on 
decision making, and on the evolution of scientific thought. Further 
study is needed to determine whether these beginnings can mature into 
a full-blown theory in which other aspects of affectivity will be 
included. (RH) 
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I have called this principle by 
which each slight variation, if 
useful, is preserved, by the term 
Natural Selection, in order to mark 
its relation to man's power of se- 
lection. 

Charles Darwin( 1964/1859) ^ 



The biological significance of mind 
is a necessary condition of scien- 
tific psychology • 

Lev Vygotsky 

(Zinchenko & Davydov, 1985) 



In a thoughtful paper **0n the Nature and Function of Emo- 
tion," Klaus Scherer (1984) directs attention to several impor- 
tant issues that will serve as starting points for this analysis. 
To begin with, says Scherer, Plato's classification of mental ac- 
tivity into cognitive, emotive, and conative categories is often 
accepted uncritically. Second, the history of psychology seems 
to cycle between periods when man is conceived as being basically 
irrational and emotional'^ and periods when he is conceived as an 

2. Tor historic texts, the original date of publication is given 
after the date of the edition actually used. 

3. Scherer starts off using the term emotion as a rubric for af- 
fective phenomena of every sort. Later, he distinguishes emo- 

3 
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egg-headed creature of reason. Although currently there are In- 
dications of a shift away from the rational view inherent in be- 
havioral and cognltlvlst approaches, renewed Interest in emotion, 
according to Scherer, has so far failed to move us in the direc- 
tion of more fruitful views of hrman mental life. One reason for 
this is that emotion theorists often attempt to deal with indi- 
vidual components of affective reactions rather than to treat 
thom within a wholistic framework embrrclng the full complexity 
of the affective system. Another reason is that investigators 
continue to be divided on three important Issues: the function 
of emotion, the definition of emotion, and the role cognition 
plays in emotional phenomena. 

This paper will begin by reviewing the remedies Scherer pro- 
poses and then focus on his rather general functional argument 
relating to evaluation. Its aim will be to provide a founda- 
tional analysis and provisional model linking affective evalua- 
tion to cognitive activity in specific ways. Finally, it will 
relate the conception that results to recent work in problem 
solving, mathematics instruction, and philosophy of science in 
order to demonstrate its import and plausibility. 



The Scherer Model 

In contradistinction to interrupt theories, Scherer sees 

emotion as an important tool for mediating interchange^! between 

tions from affective processes in general as has been done his- 
torically for compalling reasons (Fraisse, 1967). 
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organlsns and their environments. Viewed from that perspective, 
emotion's functions appear to be threefold. First, emotion is 
used to evaluate situations relative to the organism's needs. 
Second, it is used to prepare physiological and psychological re- 
sponses. And third, it aids in cQnmunicatina reactions, states, 
and intentions to other individuals. With regard to the first 
two functions, the phylogenetic evolution of emotion allowed or- 
ganisms to go beyond purely automatic responses by providing on- 
going evaluation of the salience of stimuli and by discriminating 
adaptive from Maladaptive reactions. With regard to the latter 
function, the intentional organization of behavior made possible 
by emotion becomes evident to others, as do emotional expres- 
sions. Taken all together, external manifestations of this sort 
contribute importantly to social interaction. 

Tentatively, then, Scherer is able to link specific func- 
tions to the complex list of emotional components on which he be- 
lieves modern psychological thought converges. In effect, the 
function of environmental evaluation results from the cognitive 
stimulus processing component of emotion, the function of system 
regulation derives from the neurophysiologic process component, 
the function of preparing action relates to motivational compo- 
nents, communicating intentions is linked to the expressive com- 
ponent, and reflection and monitoring are accomplished by the 
subjective component. 

Si-iherer goes on to distinguish affective processes, a 
generic term for psychological phenomena exhibiting certain gen- 
eral organic and psychological features, from clearly delineated. 
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intensive patterns of affective processes to be called emot;lons. 
He believes this distinction can be used to dissolve disagreement 
about what shonld properly be termed emotion. Using facet the- 
ory, he then sketches out a system for describing affective pro- 
cesses that would allow complex blends of affective components to 
be Identified and the enormous number of affective states to be 
sorted out* And he ends by presenting a process model of stlmu-* 
lus evaluation that lends Itself to theorlr.lng about complex mix- 
tures of emotions. 

Scherer's definitions, the functions he assigns emotion, his 
scheme for describing affective processes, and his process model 
of stimulus evaluation form a natural and coherent approach to 
the problem of affectivlty. At the same time, the evaluative 
implications of his model lie scattered across affective theory 
like broken clam shells on a deserted beach, lifeless fragments 
of related species to be gathered, classified, and integrated 
into a coherent theory. In what follows, therefore, I shall at- 
tempt to make clear what the basis of affective evaluation might 
be, to indicate how "environmental factors are evaluated, and to 
elucidate the way in which affective processes figure in cogni- 
tive processes in general. If successful, I believe an analysis 
of this kind may be able to go beyond Scherer^s Inventory and at- 
tain something approaching an explanation. 



The Biological Necessity of Feeling 
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Let us begin by recognizing that it is more than coinciden- 
tal that both values and emotions are concepts meaningful only 
from the point of vJ.ew of living systems. It makes no sense to 
speak of a mountain's morals or a river's anger; only intelligent 
animals have feelings. Our task, then, is to establish some bio- 
logical basis for evaluation and to link that basis to intelli- 
gence. Only then will affective phenomena take on the necessity 
inherent in explanation. 

Simply conceived, living systems establish and maintain 
their organization by means of compensations.^ Energy used up in 
one way or another is restored by eating, sodium diffusion into a 
cell is counteracted by active transport out, an infant's help- 
lessness is made up for by a mother's caring, etc. In short, if 
the concerted actions of an organism's subsystems reverse thermo- 
dynamic disorganization, the organism lives. In that sense it is 
"'preferred to" or "selected over" or "valued more" than other 
systems. Thermodynamic "selection" is, therefore, the bedrock 
of organic evolution. That it eventually gives rise to systems 
using "organic" or internal mechanisms of selection does not al- 
ter the fact that it constitutes the basis of Darwin* s selective 
principle (Depew & Weber, 1985; Brooks & Wiley, 1986). 

4"; Prigogine (1980) , Prigogine ana Stengers -(1984), and Brooks 
and Wiley (1986) have provided elaborate and somewhat diverse ex- 
positions of the basic idea presented here. Prigogine and 
Stengers working on nonequilibrial thermodynamic systems demon- 
strate the possibility of stabilizing dissipative systems far 
i'rom thermodynamic equilibriiun. Such systems have many of the 
properties found in living organisms. Brooks and Wiley interpret 
the existence of living systems as an instance of their newly 
formulated entropic theory. Both views are consistent with the 
global depiction given here. 
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Such considerations only make clear, however, the way In 
which material organic systems and some primitive forms of auto- 
matic behavior are evaluated. Thoy do not provide any under- 
standing of why an affective evaluative system would be needed. 
In fact, thermodynamic selection has resulted In an Incredible 
array of organises where feeJ.lngs play no part. Can one say, 
therefore, that the evaluation Inherent In thermodynamic stabi- 
lization corresponds functionally to affective evaluation? Do 
entroplc considerations really determine what wine we choose for 
dinner? Is it really possible to relate this account of biologi- 
cal selection to Scherer's notion that affective processes allow 
organisms to discriminate adaptive reactions from maladaptive 
ones? 

Certainly such assertions cannot be taken on faith as 
Scherer seems to do. It is a very long way from thermodynamic 
processes globally evaluating behavioral responses in terms of an 
organism's survival to psychological processes estimatincj a par- 
ticular response's survival value** in terms of feeling. Yet, 
lacking any other basis for human values, compelling theories of 
affectivity must bridge this gap. 

Oddly enough, the first piling upon which such a conceptual 
span might be constructed comes from Piaget, a thinker not noted 
for his concern with feelings. Piaget 's idea that intelligence 
is essentially an internal, psychological reduplication of or- 
ganic evolution leads immediately to the need for internal mim- 
icking of thermodynamic selection. While Darwin's theory might, 
by Itself, suffice to explain the development of reflexes or in- 



8 
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stlncts in th« form of inborn, automatic patterns of behavior, it 
cannot account for the acquisition and extinction of the simplest 
habits and is even more impuissant where intentional phenomena 
are concerned. This is because habits and all higher levels of 
behavior are selected individually. The organism does not have 
to die to rid itself of a noxious habit, and thermodynamic selec- 
tion provides for nothing else. Theories of habit formation al- 
ways invoke some internal mechanism of selection and, signifi- 
cantly, they always invoke some sort of feelings. That much was 
clear when Plato (Hubbard 6 Karnofsky, 1982/4th century B.C.) 
wrote Protaaoraa . it was evident in Thorndike's "law of effect" 
(Nuttin, 1963), ?nd it was obvious in Skinner's (1984) notion of 
"operant conditioning." Even modern cognitivists, although they 
seldom mention affectivity (Zajonc, 1980) and do not recognize 
the fact explicitly, have not got round the basic intuition that 
affective processes determine the "life" and "death," the 
"selection" of behaviors.^ But no one knows exactly how. 

A provisional answer and, therefore, the second piling upon 
which our biological-psychological bridge will be constructed has 
been developed by George Pugh in his book The Biological Origin 
of Human Values . In that work, Pugh argues from principles of 
design for the necessity of evaluation in any system capable of 
making complicated choices. The striking thing about people, ac- 
cording to Pugh, is that they make good decisions about what be- 
haviors will prove adaptive when the knowledge they have avail- 

T, See for example John Anderson's (1980, pp. 264-268) discus- 
sion of the value subject's place on similarity in his discussion 
of "Similarity as a Basis for Selecting Operators." 
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abl« in woefully inadequate, when their computing resources are 
severely limited, and when the time available is all too short. 
Concretely, human beings decide daily where to invest their 
money, whether to marry and reproduce, what car to buy, which way 
to vote, etc. In none of these cases could any amount of compu- 
tation insure success. Both practically and theoretically, it is 
impossible to make such choices by developing and exploring every 
possibility. In fundamental ways, therefore, man is not and can- 
not be wholly rational in either the logical or praxeological 
senses of that word.^ Rather, he is an approximator, a make-doer 
of remarkable skill who includes among his complex repertoire of 
decision strategies a middling aptitude for rational deciding 
that can be applied in fairly simple situations. For the most 
part, however, values drive the human system, and those values 



6. The word rational is ambiguous. Sometimes it is used to im- 
ply both possibility and necessity. For example, it is rational 
to conclude that if one of John's four cats died (and nothing 
else has changed), he now has three. In this case, there are no 
other possibilities. At other times, however, rationality im- 
plies possibility without necessity. In the instance where a 
person wishes to start his car but the battery is dead, it woul^ 
be possible (and in that sense rational) to have someone ''jump** 
it; but it is in no way necessary. He could equally w«\l (and 
with equal rationality) install a new battery or push the car to 
start it. But even praxeological rationality is not possible in 
every case. Many human decisions have to do with situations 
where the rationality of the goal itself may be in question, 
where ways to reach the goal may be unknown, or where once some 
action has baen accomplished one is still uncertain whether one 
is any nearer to the goal. Take, for instance, decisions about 
foreign aid or child rearing. Can one really know whether pro- 
viding the Centra's with arms has or will promote the security 
and well-being of our nation? Can one be sure that teaching 
Johnny Latin or having him play team sports will produce desired 
qualities in the man? To understand the complex web of meanings 
inherent in these different uses, it is necessary to relate suc- 
cess, necessity, and heuristics to one another within the teleo- 
nomic framework. How this can be done will be clearer at the end 
of the article than it can be here. 

ERIC 10 
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r«lattt to f ••lings, not to r«ason. Pugh explains why, mvn bo, 
this Isads to adaptation.^ 

Ths third and final pillar upon %#hlch our cognltlvs-aff«c- 
tivs span will be constructed coses fro« Guy CelKrler's integra- 
tion of Piaget with Aaerican cognitive science and, therefore, 
Pugh. His model is helpful because it solves two problems. The 
first has to do with the lack of any temporal or teleonomlc di- 
mension in Piaget 's "knowledge structures" (Inhelder ft Piaget, 
1979) , making it impossible for them to explain adapted actions 
or the affective evaluations that shape them. The second relates 
to the inability of Pugh's value-driven decision systems to ac- 
count for how knowledge is acquired. In consequence, some means 
of knowledge acquisition must be appended to Pugh's hypothesis if 
we are to approach the human situation. 

To solve these problems, Cell*rier delineates what kinds of 
knowledge are needed, he invokes a control system that evaluates 
action possibilities drawn froa knowledge in order to invent 
adapted actions, he adds a memory for the procedures that are in- 
vented, and he posits that knowledge is constructed by integrat- 
ing these pragmatic building blocks. His model, therefore, illu- 
minates both what he calls "pragmatic" and "epibtemic transforma- 
tions" as well as the evaluative function that connects the two. 
In order to grasp all of this more clearly, we must examine each 
constituent more carefully. 

T. Pugh, oZ course, as has the author elsewhere (Brown ft Weiss, 
1987) , argues that there are "intellectual values" «nd that these 
also are manifest as feelings. Hy purpose here being to stress 
tne importance of the irrational qua emotional rather than to il- 
luminate the "rationality" of emotion, I have not entered into 
^ this troubling proposal. It is discussed later in the paper. 

ERIC 
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Plaget's Concaptlon of Intslllgence 

hm is well known, J«an Plagst d«cld«d while still an adol«s 
c«nt to cr«at« a biological explanation of knowledge. In 1936, 
he laid out the relationships he envisioned between biological 
and intellectual domains (Table 1; Piaget, 1952/1936). 



(TABLE I ABOUT HERE) 



Essentially, he conceived intelligence as a biological adaptation 
functionally organized around providing a new system of adapta** 
tion. Whereas organic evolution proceeds through variation of 
individuals, thermodynamic selection, and reproductive transmis- 
sion to succeeding generations, intelligent adaptation proceeds 
through variation of mental structures, psychological selection, 
and communicative transmission.® With the adv^^nt of intelli- 
gence, then, a maladapted behavior or idea can be eliminated 
without sacrificing the organism as a whole. By making it possi- 
ble for individual psychological structures rather than entire 
organisms to evolve, the psychological system renders adaptation 
more rapid and more flexible. 

8. To be sure, Piaget (1980) strongly criticized neo-Darwinian 
theories of evolution based on principles of variation and selec- 
tion. Faithful adherence to his conception of adaptation in 
tezms of the equilibration of assimilation and accommodation adds 
nothing at this point, however, and creates i an added burden for 
the reader. For that reason, Piaget 's terminology has been 
avoided. 

Er|c 12 
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Th« tabltt, however, contains several probleras that are not 
remedied in Piaget's later work. To begin with, although Piaget 
insists that action is the basis of all knowledge, the table does 
not make clear how action and knowledge are related. Categories 
related to action, i.e., goal and means as well as ideal and 
value, are linked to internal organization; but nowhere in Pi- 
aget's own work, then or later, does one find any clear statement 
of how internal organization results in adapted action. Simi- 
larly, space and time, objects and causality are categories used 
to underg^^and the external world, but by themselves they do not 
produce adapted action on it. Even when Piaget (1974) much later 
takes up the relationship of action to understanding, he does not 
make clear how action structures are constructed. Nor when, 
still later, he relates goals and means to the laws ^f equilib- 
rium in the treatise on equilibration (Piaget, 1985) does he pro- 
vide an explicit model of how knowledge and action are related. 
Even in his final paper where he explains that action structures 
differ from knowledge structures in that they have teleonomic and 
temporal direction (Inhelder & Piaget, 1979), he only reempha- 
sizes the distinction without saying exactly how the two relate. 
In cowaequence, Piaget's theory of how knowledge is constructed 
out of action remains seriously incomplete. 

The same is true with regard to values. In Origins of In- 
telligence (1952/1936) where Table 1 appears, Piaget says nothing 
about the role values play in adapting action. He only includes 
the idea within the table. When later he identifies values as 
the diachronic aspect of affectivity and denies the latter a di- 
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rect role in forming knowledge structures (Piaget, 1981a/1953- 
54) , he does not make the procedure-structure distinction 
(Inhelder & Piaget, 1979) . Nor does he appreciate the specific 
role values play in formulating action. He does, however, recog- 
nize at least intuitively that values play a role in what Cel- 
Idrier later terms the ••pragmatic transformation, •• i.e., the con- 
struction of action out of knowledge.^ 

What we take from Piaget, then, are the notions that intel- 
ligence is a system for evolving adapted action, that knowledge 
structures differ fundamentally from their procedural counter- 
parts, and that the latter owe their special character, even 
their very evolution, to teleonomic and temporal asymmetries pro- 
duced by affective evaluation. What we cannot distill from Pi- 
aget 's rich ferment is an exact model of the relationships in- 
volved or a clear idea of how affective values guide adapted ac- 
tion. 



Pugh's Value Driven Decision system 

In his book The Biological Origin of Human Values . George 
Pugh (1977) argues, like Piaget, that the purpose of human intel- 
ligence is to evolve adapted action and that knowledge structures 
are necessary to achieve this goal. Pugh, however, makes? the re- 
lationship of knowledge to action clearer by elucidating the role 
evaluation plays. His point of departure is the realization that 

9^ For a more complete discussion of these issues, see Brown & 
Weiss, 1987. 

ERLC 14 
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in designing artificial systems used to decide complicated 
courses of action, it is, in practice, always impossible to in- 
clude enough knowledge or enough calculating resources to examine 
possibilities exhaustively and make optimal solutions. That is 
not how computer programs operate, and by extension, Pugh con- 
cludes that it is not the way people decide complicated questions 
either. Artificial decision systems, once a certain level of 
complexity is reached, all converge on the value-driven design. 
Such systems use limited numbers of operators to generate large 
numbers of action possibilities from a limited knowledge base. 
This greatly reduces the amount of knowledge that is needed. At 
the same time, such systems use a value structure to evaluate ac- 
tion possibilities generated from i:he knowledge base in order to 
reduce the number of possibilities to be examined. By avoiding 



10. Pugh differs from other cognitive scientists in his explicit 
recognition of the role evaluation plays and in his equation of 
evaluation with affective processes. Most mainstream workers in 
this area invoke heuristics without recognizing that they in- 
scribe a value system or relate to feelings, or they speak of 
evaluation as if it were a rational, quantitative affair achieved 
through some exact algorithm where emotion plays no part. For 
example, the index to Kahneman, Slovic, and Tversky's Judgment 
under Uncertainty! Heuristi e« and Biases (1982) contains no ref- 
erences to affectivity, emotion, eyaluation, feeling, motivation, 
or values, although many of the articles are filled with affec- 
tive terns. Similarly, the index of Human Problem Solving 
(Newell & Simon, 1972) contains no references to affectivity or 
feeling, while emotion, evaluation, motivation, and values are 
all included either without reference to affectivity or in ex- 
tremely peripheral ways. For example, emotion is mentioned 
twice, the first time to label aberrant traces in a cryptarith- 
metic problem-solving task, the second in a survey of other work 
in information processing (Abelson's "hot cognitions") ; evalua- 
tion is referenced many times and is related to heuristic search 
but is not considered an affective or emotional affair; the sev- 
eral references to motivation are aimed at showing that the prob- 
lem-solving subject may be considered to be rational; and the few 
references to value have to do with the values that attributes 
assume. 
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exploration of actions that fail to produce progress in the right 
direction or, in other words, by pursuing only "good" alterna- 
tives, such systems economize on time and calculating resources 
needed for their operation. 

The trick, of course, is to know the bad from the good and, 
says Pugh, the most difficult of the programmer's tasks is to de- 
sign the value system. For artificial systems, this is done by 
trial and error, by comparing the computer's decisions to the 
values inherent in the designer's goal. Value structures that do 
not make the machine's decisions converge on the designer's 
wishes are changed until they do. However, even using this pro- 
cedure, it is seldom possible in complex systems to incorporate 
the designer's value structure in full detail. Almost always 
"surrogate values" that approximate decisions the designer would 
make himself must be employed. 

With all of this in mind, Pugh reasons that, faced with 
building a decision system that could mimic organic evolution, 
the genomic system, too, was forced to use a value-driven system 
-^nd that the values inherent in the system are surrogates for 
survival value. To do otherwise, i.e., to build a machine that 
could exactly calculate the survival potential of action possi- 
bilities, would involve incredible amounts of knowledge and com- 
putational machinery. Even nature's resources were outstripped. 
Consequently, what has evolved is an organism with a set of pri- 
mary values evaluated against the thermodynamic axiology imposed 
by biological selection. This means that the hedonic system of 
the Greeks, at least in its most primitive manifestation, is a 

ERLC 
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system of innate feelings used to approximate survival value* 
Hedonic feedback either "reinforces" or "extinguishes" activities 
according to some surrogate heuristic for estimating survival and 
allows adapted actions to evolve. 

Were this the whole story, however, it would not be very in- 
teresting. While it is easy enough to understand the adaptive 
value of a newborn infant uttering distress cries if it is cold 
or hungry or ejecting acid solutions from its mouth, it is a long 
way from such elementary evaluations to a critic's enchantment 
with a singer, to Dirac's fascination with his equations' beauty, 
or to a right-to-lifer' s disapproval of abortion. Pugh addresses 
this problem in two ways. 

To begin with, says Pugh, even in simple computer systems, 
the values structures necessary to make reasonable decisions are 
a good deal more complex than most people realize. Multiple val- 
ues are often necessary and these must be made to vary temporally 
in intensity. So the value system with which the human infant 
starts is probably much more complex than we have ever dreamed 
and almost certainly includes intellectual and social values as 
well as values relating to simple physiological needs. From this 
point of view, it is not so strange that formal beauty or moral 
convictions are related to survival. 

Secondly, says Pugh, value driven system's, although they 
cannot modify their primary value structure, can elaborate sec- 
ondary values in the form of likes and dislikes, short-cuts, 
rules of thumb, wise saws and sayings, fashions, esthetic or 
moral systems, etc., to help them approximate primary values more 

17 
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easily and effectively. Consequently, it is not only possible 
but it is also to br^ expected that extremely complicated sec*- 
ondary value systems will evolve through the functioning of the 
primary system. That being the case, it is less difficult to un- 
derstand one's feelings faced with Caball^'s perfection. From 
Pugh's perspective, such emotion derives through myriad layers of 
elaboration from primary values dictating the positive value of 
others' voices, of symmetries and patterns, of social interac-* 
tion, and so forth. 

It should be noted that the uniqueness of Pugh's interpreta- 
tion does not lie in his recognition that optimal decision 
strategies are impossible. Cognitive scientists in general ac- 
cept that fact. What Pugh adds that is original is explicit 
recognition that the main heuristic system employed in humans is 
affective. People do not make most of their decisions by 
"minimizing distances in problem space,** by consciously or uncon- 
sciously calculating probabilities, or by employing any other of 
the host of qua«si-rational criteria invoked by modem workers. 
Not only is it arguable that many of the criteria identified by 
decision scientists are known to the deciding stibject through the 
medium of feelings, but it is also demonstrible that many of our 
decisions make no pretense to rationality at all. What modern 
decision science seems blind to is the fact that feelings are 
reasons, and in most instances, the only ones available. Nor can 
it see that these "reasons of the heart" have a pragmatic logic 
of their own. 



ERLC 
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While Pugh has much more to say about the hvunan value system 
and how it relates to affectivity, this brief sketch is suffi- 
cient for the present • What we take from his account are the 
ideas that human feelings are the subjective aspect of evaluative 
activities, that such activities constitute heuristic devices for 
reducing search spaces in formulating action, that all evaluation 
derives from a complex system of inborn values surrogate for 
adaptive value, and that much of mental development has to do 
with the construction of secondary value systems aimed at making 
the estimation of primary values simpler when dealing with ever 
more complicated problems. What we cannot draw from Pugh is any 
inkling of how the knowledge structures used to generate action 
possibilities are constructed. For that reason, we turn to Cel- 
l^rier. 



Cell6rier's Epistemic and Pragmatic Transformations 

Cell6rier rejects the notion that Piaget's genetic psychol- 
ogy and American cognitive science are incompatible, arguing in- 
stead that they only approach the problem of how knowledge is 
used to organize adapted action from different points of view. 
On the one hand, Piaget's structuralism focuseu on the ••epistemic 
transformation," or on how knowledge structures are derived from 
action. On the other, cognitive science focuses on the 
••pragmatic transformation, •• or on how action is constructed out 
of knowledge. For Cell^rier, both questions are legitirate as is 
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the further question of how to resolve them on the basis of a 
single model. 

Cell^rler begins his synthesis by recognizing that both cog- 
nitive scientists and Plagetlans study **the psychological sub- 
ject** and that subject's behavlor^^ Is organized through cyclic 
Interaction of knowledge and action, converging gradually on 
practical or Intellectual success. In such Interaction, Initial 
assimilation to existing knowledge structures produces under- 
standing of the situation requisite to establishing a goal-means 
structure and planning action directed toward the goal. Any ac- 
tion undertaken produces a new situation that must be assimilated 
In turn, new understanding or meaning established, a new goal- 
means structure Imposed, and new action Implemented. If the aim 
Is simply to succeed In some practical task, the cycle stops when 
the goal Is reached. If the aim Is to understand or explain. It 
continues working out alternative solutions and Integrating suc- 
cessful and unsuccessful schemes with one another. That much Is 
the same for Plaget and Pugh. 

Now, Cell^rler argues, each asslmllatory framework set up to 
understand the Initial situation or the results of action consti- 
tutes a transitory model, but not just a model of the environment 
as cognltlvlsts suppose. Rather, such frameworks model "adaptive 
Interactions" representable by production rules of the form: If 
some :;2Xternal situation Is detected and If some motivational 

11. Plaget, of course, objected to the term behavior because of 
Its suggestion of behaviorism, a doctrine he thoroughly rejected. 
Since his own term, conduct, sounds stilted and carries no spe- 
cific English meaning, I use behavior to designate all things 
mental . 
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state exists, then execute some action or pass to a certain other 
state or both. Realizing this puts Cell^rler in position to ar- 
gue that adaptive interactions can be organized as production 
systems and are therefore programmable. This answers Moore and 
K«well's (1974) objection that Piaget's explanatory concepts have 
no substance because they are not "effective procedures." At the 
same time, it indicates features of existing cognltlvlst concep- 
tions that must be remedied if one wishes to approach the human 
situation. 

Perhaps the most striking thing about these transitory mod- 
els is that they require three separate kinds of knowledge. Un- 
derstanding the external situation, whether it is a world of 
"real" or logicomathematical objects, requires Plaget's OfiSEatfiCC 
knowledge : recognizing motivational states and thereby establish- 
ing a goal-means framework requires what Cell^rler calls a^^ioloq- 
ical knowledge , a knowledge form that usually goes unnoticed; and 
knowing how to perform some action or pass to some other state 
requires pragmatic knowledge indicating how to transform the slt- 
u^^tion given. But these knowledge forms are not of equal rank. 
Operatory and pragmatic knowledge are functionally subordinated 
to axiological knowledge which alone determines the pertinence of 
actions and situations by setting up implicativa relationships 
between means and ends. When values, goals, and means are con- 
scious, these relationships have to do with intentional finality 
and knowledge and are explicit. When they are associated with 
"needs," i.e., with evaluative functions unaccompanied by corre- 
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spending conaclou9 conceptualizations, they only constitute an 
aspect of Implicit know-how. 

A second striking feature of transitory siodels Is that they 
do not spring from knowledge, however many kinds there are, with- 
out the activity of a control system that Is Itself siibject to a 
value system. In other words, knowledge Itself Is Is not suffi- 
cient to \inderstand a situation, to establish goals, or to know 
how to perform various transformatlon'ii. Something must select 
transformations from among the numerous possibilities made avail- 
able by knowledge and coordinate them Into acts either of compre- 
ht^nslon or action. Something must make transformations under- 
stood and valued as means lead to the states or situations under- 
stood and valued as goals. This Is the nature of control. 

Having Identified adaptive Interactions as the basic subject 
matter of both Plagetlan and cognltlvlst psychology and having 
teased out their general features, Cell^rler then use3 them as a 
Rosetta stone to establish correspondences between Plagetlan and 
cog;iltlvlst conceptions. With minimal modification, Plaget's 

schemes of action** and cognitive science's "procedures** can be 
brought together under the rubric of pragmatic knowledge. With a 
bit more difficulty, cognitive science's environmental models can 
be transformed into ?iaget's empirical and pseudoempirical struc- 
tures reqpiisite for understanding. With sxibstantial imagination, 
the Plagetlan concept of **groupements of (jualitative values** and 
the complex value structure implicit in Newell and Simon's 
**heuristics,** can be subsumed under axiological knowledge. And 
finally, with a giant leap of creative insight, Newell and Si- 
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mon's recursive method for analyzing means and ends and Piaget's 
optimizing equilibration can be interpreted in terms of the 
"problem of control" posed on pragmatic and epistemic axes re- 
spectively. 

By themselves, however, such correspondences do not lead to 
an integra-ed model. Piaget oscillates between conceiving 
schemes as procedures and knowledge structures, when the two are 
irreducible to one another; the "effective procedures" of cogni- 
tive science have no psychological content. Neither environmen- 
tal models nor Piaget's empirical and pseudoewpirical structures 
furnishes all the knowledge that is needed. Neither theory ex- 
plicitly recognizes the role axiological knowledge plays. And 
while in both cases, the control structure represents task-inde- 
pendent extremalizing mechanisms, they operate on different axes. 
In the pragmatic transformation, they act to minimize the siisLr 
tance between starting point and goal. In the epistemic trans- 
formation, they act to maximize both the invention of new knowl- 
edge structures and the conservation of old. Consequently, Cel- 
lar ier feels forced to create a model of his own. 

His basic strategy is to begin with an existing model of the 
pragmatic transformation and then modify it to include the epis- 
temic transformation by adding memory, buttressing hierarchical 
with heterarchical principles of control, and reformulating the 
notion of procedure. The model he begins with is Newell and Si- 
mon's (1972) General Problem Solver (GPS). Briefly, GPS operates 
on problems where "operators" are used to transform "objects." 
Various goals are possible, and methods relevant to each goal are 
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needed* Since problem spaces are relatively complex, heuristic 
methods must be used instead of methods of exhaustive calcula- 
tion. Given all that, the control structure of the program is 
quite simple: the goal inherent in a problem presented to the 
system is first evaluated to see whether it is worth achieving 
and whether success seems likely; if that is the case, one of the 
methods relevant to that goal is selected; if it leads to 
success, the program stops; if it fails, the loop is repeated, 
each time selecting another method until all pertinent methods 
have been exhausted. If necessary, subgoals may be invoked and 
the steps above applied to them (Newell & Simon, 1972, pp. 416- 
420) . 



Figure 1 about here 



As can be seen in Figure 1, the methods employed by the 
logic-problem version of GPS are provided to the system in the 
form of a table connecting operators with various differences 
among objects. Rules prescribing what differences are most im- 
portant also are provided. The control structure uses these com- 
ponents to perform means-end analyses by oscillating among goals, 
the kinds of transformations needed, and operators that perform 
those transformations. For example, instructed to change Lis 
R. («»P -> Q) into LOi (Q V P).R, GPS produces the trace shown in 
Figure 2. since no operator can directly transform the first ex- 
pression into the second, a subgoal must be introduced f qoaH . 
since differences between expressions are more important than 
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diff«r«nc«« b«tw««n sub«xpr«««ion« (••• "Criteria of Progress" in 
Figure 1), they are worked on first. The only difference at this 
level has to do with the positions of the variables. They must 
be changed if the two expressions are to become identical 
r function ^ . The program will try, therefore, to put the vari- 
ables LI into the same position as they are in IiO. As it hap- 
pens, operator Rl affects position, so it la chosen (ni^llfid) • By 
proceeding in this way, the program arrives at a solution. 



Figure 2 about here 



The most glaring difference between GPS and intelligent be- 
ings is that, like Athena, GPS sprang fully amed from the head 
of Zeus. T!ie knowledge it possesses is the knowledge it will 
have forever. Not only does it not improve its understanding of 
new problems or augment the values inscribed in its heuristics, 
but it does not even expand its repertoire of procedures. Once a 
problem has been solved, it forgets what it has done and begins 
all over. Given the same problem two times running, it always 
starts from scratch. Cell*rier is forced, therefore, to add a 
memory. 

Linked to a control structure that invents schemes or psy- 
chological procedures from previous knowledge, this would account 
for the pragmatic transformation. Procedures worked out by the 
GPS control system are retained so that the next time the situa- 
tion is encountered the system knows exactly what to do. But 
this does not account for how operatory or axiological knowledge 
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la d«v«lop«d. c«114rl«r d«als with th* first in th« follow inq 

Procttduras are adapted by accomodating to external environ-> 
aental conditions and at the saae tiae Meting internal condi- 
tions lapcsed by the goal-means structure. If the first is not 
done, action is ineffective; if the second fails, it is unsatis- 
fying. With the advent of an internal environment produced by 
■eaory, a second universe of action becoaes possible. In Cel- 
14rier's view, it is action on this internal world that underlies 
the epistenic transformation and provides the basis for true un- 
derstanding. 

Our hypothesis is precisely that at the microevolutive 
(problem solving) level where ve are situated, how problems 
are understood is captured in part by the following formula- 
tion: construct a sequence of epistemic transformations re- 
constituting the practical model, the implicit know-how cor- 
responding to success, in terms of an operatory model the 
components of which arise from knowledge, i.e., from the ex- 
plicit and consciously conceptualized operations of the sub- 
ject. This formulation ("to succeed in understanding**) in- 
volves the same equilibratory cycle, but acting at a differ- 
ent logical level. In a way, it is no longer a matter of 
tracing an action path through problem space starting from 
elementary displacements but of constructing a thought geom- 
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etry of paths by generating the set of all paths possible 
(Cell*rier, 1979a, p. 99.)" 

Operatory knowledge, then, derives from accommodating an ac- 
tion scheme to conditions imposed by an "external" environment of 
possibilities and at the same time meeting conditions "internal" 
to the goal of reconstituting the practical procedure. In the 
process, actions mui.c be chosen in terms of what is possible 
within the world of schemes as well as what is necessary to ef- 
fect the reconstruction. Finally, remembering these internal ac- 
tions unfolding in a space of possibility completes the epistemic 
transformation. Although highly abstract and difficult to 
study, this conception provides a preliminary understanding of 
how operatory knowledge is invented and conserved. It does not, 
however, shed any light on the axiological transformation, and, 
in fact, that issue is only partially considered by Cell6rier. 

What he does say is that axiological knowledge is used both 
to establish the "pertinence" of pragmatic and operatory knowl- 
edge, and to determine the value of transformations vis-a-vis 
some goal. This means that as a situation is interpreted by as- 
similation into operatory structures, the various elements iden- 
tified are evaluated and motivations or goals determined. Then, 
once this teleonomic structure is set up, axiological knowledge 

12^ Excerpts from references given in French have been trans- 
lated by the author. 

13. Although certain aspects have been extensively considered in 
the Genevan School's work on abstraction (Piaget, 1977), general- 
ization (Piaget, 1978), and the construction of possibilities 
(Piaget, 1981b). 27 
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is used to evaluate means relative to the goal. Cell^rler de* 
scribes how all of this transpires in a complicated way: 

The axiological dimension is introduced by the definition of 
a directed difference between the possible values of a given 
parameter. Over the multidimensional adaptive surface rep- 
resenting the problem space, i.e., the set of possible situ- 
ations that may be generated by combining operators, the 
vector of differences or "^distance" between two situations, 
alpha and beta, is used to construct an evaluative function 
the optimum of which corresponds to a null distance (alpha » 
beta) . To reduce this distance is both to reach a situation 
evaluated as better from the axiological point of view and 
to approach the goal within the teleonomic framework associ- 
ated with it ... . Certain characteristics of the vector, 
e.g., its axis, its direction, its intensity, etc., are used 
to preselect activity. Only operators acting along the 
proper axis and in the right direction are chosen. Finally, 
the components of the vector, the different parameters, are 
ordered according to their importance which introduces a hi- 
erarchy into the system's different value scales .... 
This ^^constituted structure** is furnished prefabricated to 
the cycle coordinating goals and means which is invariant 
and independent of the various contents that are presented 
to it. ThuSf the cycle accepts the definition of a problem 
in the general invariant form: ** trans form the initial 
situation into the texnainal situation** which tikes on the 
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Status of goal. The solution has the general form of a com- 
position or ordered sequence of operators the argument of 
the first of which is the situation alpha and the value of 
the second of which is the situation beta (Cell6rier, 1979a, 
p. 96) . 

If we return to Figures 1 and 2 for some concrete help in 
understanding Cellar ier on this issue, we note that, with refer- 
ence to GPS, the directed difference of which he spealcs is embed- 
ded in the Criteria of Progress central to the program. These 
criteria establish direction by focusing on logical differences 
between expressions rather than, say, variations in typeface. 
Second, they rank order the logical differences considered rele- 
vant by the program in terms of which should be worked on first, 
which second, etc. Finally, they allow the results produced by 
operators to be evaluated in terms of whether the difference is 
diminished or disappears or whether an even more difficult dif- 
ference is produced. 

As an example, consider steps 6 through 10 in Figure 2. In 
attempting to transform L2, i.e., (-P -> Q) .R, into LO, i.e, (Q v 
P) .R, the program sets up the subgoal of reducing the differences 
in the binary connectives "->" and "v* in the left hand terms of 
both expressions. It chooses to do this— it is most interested 
in doing this— at this time because the Criteria of Progress 
(Figure 1) prescribe that differences in binary connectives are 
more important than differences in position. From that point of 
view, the thing to work on first is the difference chosen rather 

29 



Affectlvltv. 29 



than th« difference in variable position between the two expres* 
sions or the difference in sign of variable P (a lower level com- 
ponent) . Having decided all of this, operator R5, i.e.^ 
A V B <— > -(-A . -B), is selected using the table of connectives 
because it is the first rule that operates on the difference tar- 
geted. However, because the conditions for applying that opera- 
tor are not met, it in necessary to transform La so that the op- 
erator may be used (step 9) . This would require that thu in 
L2 be transformed into either "v" or . To do this, however, 
is just as difficult as doing steps 6 and 7, so R5 is rejected 
and the program goes on to R6. 

While all of this is helpful in understanding how evaluation 
takes place in Cell6rier's revamped system, it does not elucidate 
how axiological knowledge is constructed. As Cellar ier points 
out, the value structure written into the Table of Connectives 
and Criteria of Progress was worked out by Newell and Simon, not 
by the program itself; and the program has no power to change it. 
Nor are the values inherent ^n the system of control subject to 
construction. In fact, Cell^rier specifically characterizes this 
cycle as invariant and content- independent. From beginning to 
end, it values activity of a single sort: set up a goal-means 
framework for transforming alpha into beta. While "reduce" and 
"apply" goals may be invoked to achieve this end, no other activ- 
ity has any value to it. And finally, the values in the knowl- 
edge base and in the control structure were matched apriori by 
the programmers. Consider, for example, what significance the 
Criteria of Progress or the Table of Connectives would have in a 
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program whose content- independent "motivation" was to re^nrite 
formulae in Greek. Obviously, they would be irrelevant. 

We must, therefore, look once again to memory to explain the 
axiological transformation. To begin operating, a system of the 
sort envisioned by Cell*rier must have available a list of opera- 
tors linked to specific features of a problem space along with 
some heuristic rules. Such knowledge plus a control structure 
allows the system to invent new procedures and, thus, makes the 
growth of knowledge possible. In addition to the values embedded 
in what is given, new values are created by the decisions of the 
system. For example, in Figure 2, Steps 5-10, RS is bad, R6 
good, under the goal-means framework of that specific problem. 
Insofar as the procedure is remembered, this axiology is pre- 
served as well because it is embedded in the list of operators 
devised to solve the problem. Such values are, however, specific 
to the goal-means framework and are derivatives of a general 
value structure. It is not clear how Cell6rier's revised model 
would account for the growth of general evaluation principles or 
even if he thinks such principles evolve. Perhaps they are ab- 
stracted from the values inherent in remembered schemes by some 
process akin to Piaget's "intellectualization of feelings," but 
that is only a conjecture. Since, apparently, Cell6rier's model 
cannot be taken any further, let us attempt to integrate it with 
Pugh's. 

Putting Cell6rier and Pugh Together 
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Pugh, as we saw earlier, considers affectlvlty to be a 
surrogate, heuristic apparatus used to work out srlutlons In the 
problem space of psychological adaptation. Affective phenomena 
observable at birth both In the baby's system of preferences and 
In his emotional expressions are manifestations of a complex sys- 
tem of Innate values that has been selected phylogenetlcall/ for 
the consistency of the choices It determines with the choices 
biological selective mechanisms would make themselves were behav- 
iors genomlcally determined. Pugh Is careful to make the point 
that this **glven** value structure Is not based on physiological 
noed alone but Includes, alongside "selfish" values of that sort, 
values based on social and Intellectual necessities. While, as 
Pugh points out, this primary value structure cannot be changed 
by the functioning of the system, still it can be used as a ref- 
erence for evolving secondary value structures. Evaluative cri- 
teria set up by the functioning of the system should then, inso- 
far as they are successful, approximate primary values in one way 
or another. 

Cell^rler, of course, does not speak of affectlvlty at all, 
except to mention "needs" in a place or two. Nor does he explic- 
itly connect axlologlcal knowledge or values with the dlachronlc 
aspect of affectlvlty as did Plaget (1981a). For him, values are 
embedded in the structure of pragmatic and operatory knowledge 
and in the Immutable axlology of the system of control. Although 
he agrees with Pugh that the psychological system must start with 
already constructed knowledge provided by the genome, the Impor- 
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tant question for Cell6rier is not the line of demarcation be- 
tween genomically provided and psychologically acquired knowl- 
edge. Rather, it is to understand the computational problem of 
how any system of control achieves internal and external adapta- 
tion. Moreover^ Cell6rier differs from Pugh in his almost exclu- 
sive focus on the values operative in rational deciding. 

One way to begin bringing Pugh and Cell^rier together is to 
seek correspondences between the functional components Pugh con- 
siders fundamental to any value driven system and the components 
Cell*rier includes in his model. According to Pugh (197''^ p. 
54) , all value-driven decision systems must have the following 
elements: 

1. A data collection procedure to supply information 
needed to define the environment as it affects action 
alternatives. 

2. A model of relationships in the environment which de- 
fines action alternatives and their consequences. 

3. A procedure for exploring available action alternatives 
and estimating their consequences. 

4. A method for assigning values to the estimated conse- 
quences . 

5. A decisi*" . mechanism for selecting the alternatives 
that show the best value. 

6. (Optional) Procedures for creation, improvement, and re- 

finement of the model. 
It is clear from this list that the first five components 
relate to Cell6rier's pragmatic transformation and that the last 
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corresponds to his eplstemlc transformation. Proceeding one by 
one, the first component on Pugh^s list can be seen to conform to 
what Plaget and Cell^rler would call perception. Obviously, this 
notion would have to be extended to Include "^perception** of In-* 
formats :n Internal to the system (the '' refl^chlssemcnf In Pi- 
aget^s (1977) reflective abstraction). Without tnat, there would 
be no way to collect Information about the Internal environment 
of schemes, making abstraction and generalization, the central 
mechanisms for constructing operatory knowledge. Impossible. 
Neither Cell^rler nor Pugh deals successfully with this issue. 

The second component , an environmental model typical of cog- 
nltlvlst conceptions generally, fuses Cell^^'ler's pragmatic and 
operatory ]cnowledge and Is ambiguous aUoout their Interactive 
character. To bring Pugh's models Into line with Cellar ler^s, it 
would be necessary to specify that all models are interactional, 
to distinguish pragmatic from operatory knowx<sdge, and to include 
pseudoempirical knowledge, i.e., knowledge of logicomathematical 
environments, alongside the empirical knowledge Inherent in 
Pugh^s environmental model. Axiological knowledge could then be 
considered part of Pugh's fourth and fifth components, and Cel- 
l^rier^s requirements would all be met. 

Pugh's procedure for exploring action alternatives, i.e., 
the third component on the list, is a search method invoked with- 
out elaboration. Nor such methods mentioned specifically by Cel- 
l^rier, although they are included implicitly within his struc-* 
ture of control. In either case, as elements of the control 
structure, search methods are somewhat problematic because in 
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both theories control is conceived relative to formulating inten- 
tional behaviors when a considerable part of the behavior for 
which they must account is unintentional, i.e., instinctual or 
habitual. Another way of saying this is that, given some goal, 
the GPS control structure looks for transformations that it can 
compose into a procedure for moving from starting point to goal. 
Instincts and habits do not allow such compositions, instead in- 
voking behavioral sequences whole. These sequences either 
achieve the goal or they do not, but recomposition is not possi- 
ble. Such considerations create some doubt, therefore, as to the 
suitability of Cell6rier's control structure or Pugh's decision 
system for representing control in unintentional behavior. In 
consequence, the search methods of either theory are also brought 
into question. 

Cell^rier (1979b, p. 113) is cognizant of this problem and 
attempts to handle it by distinguishing unintentional actions 
("intrarule transfers of control") in the form of hereditary pro- 
cedures (instincts) and acquired associations (habits) from in- 
tentionally structured actions ("interrule transfers of control") 
and then using "needs," his only affective term, as the evalua- 
tion principle in forming associations. Effectively, instincts 
would be constituted and conserved by the ggn?tic system which 
acts both as the control system and memory in- the broad sense. 
Such behaviors could be used by a ffsYcholoaical control system 
and meaory both as a table of means and ends for constituting new 
procedures and for forming new matrices of interactions. Habits, 
conceived as associations between perceptions and actions, would 
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result from the psychological control system evaluating new in* 
teraction rules formed from instinctual elements in terms of 
whether tl.ey satisfy a need. And intentional behaviors would re- 
sult from the goal-oriented composition of inscinctual and asso- 
ciational elements using the evaluative principle of minimizing 
dista ^es in problem space. As will be seen below, this confuses 
separate aspects of <*ontrol having to do with how goals are set 
and monitored and how transformations are evaluated within a 
given goal-means structure. While it appears that the problem 
could be resolved in ways satisfactory both to Cell4rier and 
Pugh, the specifics of such a solution remain to be discovered. 

The fourth component in Pugh's list brings up several com- 
plicated issues. To begin with, there is the question of just 
what values are for Cell^rier and Pugh. Then one wants to know 
how values are assigned. And finally, since both authors speak 
of different levels of evaluation, it is necessary to consider 
these issues at every level. Only after all of that is done will 
we have some understanding of the issues surrounding methods for 
assigning values. 

With respect to the nature of values, apparently both Cel- 
l^rier and Pugh agree that they represent psychological mecha- 
nisms for selecting adapted actions and that their ultimate 
source is biological selection. At the instinctual level, both 
authors also apparently agree that evaluation is accomplished by 
the multileveled selective mechanisms operating within the ge- 
netic system as well as by ultimate decision in survival terms 
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(thermodynamic selection) • However, It Is not certain that they 
see the product as Identical. 

Pugh, in addition to Instinctual behaviors and a central 
control apparatus, posits that organic evolution provides the or- 
ganism with specific evaluative '^processors'* in the form of an 
affective system. These processors, much like elementary percep* 
tual processors, operate outside the vale of central control and 
cannot be influenced by it at any level. The 1iibu£ upon which 
they operate is, as Pugh sees it, basically sensory information. 
As indicated earlier, this rather limited view reflects his ad- 
herence to the idea of a purely environmental model perceived 
through a sensory apparatus. In order to de^l with Cell^rler's 
much more realistic interactive ••world, Pugh's notion of envi- 
ronment would have to be expanded to Include the internal 3pi9- 
temic universe in addition to the world of the usual seniles. 
Only then could one have feelings about ideas and meanings. 

Little is known, of course, about how affective processors 
determine values, but their output . Pugh contends, is of at least 
two types. One of these involves direct transfer of information 
^o centers lower in the hierarchy, e.g., metabolic and tempera- 
ture control centers. Although this may be important to the 
arousal functions of the affective system, Pugh does not discuss 
it in detail. The output of central interest to Pugh has to do 
with the forwarding of evaluative information to the decision 
system, the central control where action is composed. It is 
Pugh's belief that such information is experienced in the form of 
feelings and that its quality and intensity are determined by the 
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processor from which It emanates. Such data, like sensory data 
processed by perceptual processors and presented to the control 
system as perceptions, become conditions for productions for both 
Cellar ler and Pugh. 

CellArler^s account of all of this is extremely scanty. Un- 
like Pugh, he is concerned with evaluation at higher levels in 
the system and only mentions physiological need, the Piagetian 
euphemism for affectivity, in passing « The crucial issue in com- 
paring the two authors becomes, therefore, how Cell4rier^s view 
of rational evaluation would be handled in Pugh^s model. Does 
that model allow for the construction of an evaluative function 
based on distances in problem space as conceived by Cell^rier? 
It appears the answer would be yes only if Cell^rier agreed to 
include the output of Pugh^s affective processors in the informa- 
tion that is fed into the system. As it stands, Cell^rier^s no- 
tion of predetermined axiological knowledge relates to strxictural 
features of the system and leaves room for active processes of 
evalu^;:ion only within the system of control. Almost certainly 
this is incorrect. 

If we turn to the issue of how values are determined on var- 
ious levels, we find other differences between Cellar ier and 
Pugh. Given innate knowledge structures in the form of reflexes 
and instincts, perceptual processors in the broad sense including 
proprioceptive devices, etc., Pugh^s affective processing system, 
and a system of control, the subject begins immediately to ac- 
quire habits. This much appears to be allowable within either 
model. There is, however, a problem with Cell^rier^s account. 
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In •ff«ct, C«ll«rl«r envisions habit fomation as a procsss 
of sstting affsctive goals in th« forn of needs and evaluating 
behavior in terns of need satisfaction. He argues that this con- 
stitutes an "implicit" version of distance- in-proble«-space eval- 
uation that will give place to an explicit version once inten- 
tional action becomes possible. The problea with this is that it 
not only confuses physiological with intellectual needs which are 
' very different but it also confuses the evaluation method used 

within a means-ends analysis once a goal is set with the external 
evaluation method used to determine goals. 

Pugh is much clearer on this point. He holds that although 
physiological and intellectual needs are both part of the affec- 
tive system, they represent different forms of values, serve dif- 
ferent purposes, stem from separate innate sources, and lead to 
different elaborative products. The first are instances of 
"Selfish Values" insuring individual welfare and survival. They 
arise from specific innate processors, and their secondary elabo- 
ration has to do with controlling physiological urges. Examples 
would be such chings as toilet training or dieting in order to be 
pretty, etc. By contrast, "Intellectual Values" promote the con- 
struction of accurate world models. They relate to needs for 
certainty, for apportioning intellectual effort, for giving up on 
problems when they prove too difficult, etc. They are manifest 
in such feelings as curiosity, distaste for ambiguity, and 
Janet's (1928) activation and termination affects generally. 
Their secondary elaboration leads to changing intellectual goals 
and, at the highest social level, to an evolving scientific axi- 
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ology. N«lth«r of these fons of values Is, however, Internal to 
the neans-ends analysis or control syc'.eB. At both habitual and 
Intentional levels, that systeB will act to alnlnlze distances In 
problea space or to maximize Innovation and conservation In order 
to achieve whatever goal Is set. What selfish and Intellectual 
as well as the social values Included In Pugh's nodel do Is to 
set diverse goals for the means-ends mechanism and evaluate the 
products of the transformations It determines by processes out- 
side the system. While these processes may In a way be said to 
minimize distances between points n problem space, they do so 
outside awareness In a superordlnate problem space of biological 
adaptation, with respect to the control structure Itself, how- 
ever, affective processors are used to determine goals and then 
provide ongoing evaluation of uhe effects of action In terms of 
selfish, social, or Intellectual desirability rather than in 
terms of progress toward the goal. Should an action, however ef- 
fective in approaching a goal, lead v.o a result with unforeseen 
negative affective consequences, the value of the goal relative 
to which that action's value has been oaterfflined is itself called 
into question. In this way affective mechanisms track the con- 
trol structure's progress and regulate it by continuing or chang- 
ing goals. 

Pugh's fifth component , i.e., the decision mechanism for se- 
lecting best valued alternatives, is part of a central control 
system where Intentional actions are composed. Essentially , Pugh 

14. Note the resemblance of this account to Janet's (1928) 
notion of affectivity as **secondary regulations,** and to Piaget's 
(198 la/1953-1954) idea of "the synchronic aspect of affectivity." 
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equates central control with the conscious system conceived as a 
serial processor using input from perceptual, mnemonic, and af- 
fective structures to set goals, explore action alternatives, and 
evaluate which ones are better. As such, it includes Cell^rier's 
control structure but goes considerably beyond it to make deci- 
sions on at least two levels, one the level of goal selection, 
the other the level of means selection relative to that goal. 
Undoubtedly this system also regulates attention, perceptual cen- 
tration, etc., but these are subjects left unanalyzed by both 
Cellar ier and Pugh. 

Finally, let us only recognize that Pugh's fiiSStll and op- 
tional component . i.e., procedures for creating and refining 
world models, was extensively dealt with in our discussion of 
Cell^rier's epistemic transformation. There is, therefore, no 
need for further elaboration. 

It seems clear from all of this that Pugh and Cell6rier need 
one another. Pugh needs Cellar ier in order to incorporate knowl- 
edge construction into his model; Cell^rier need3 Pugh in order 
to extend his notion of evaluation to goals and to give it a more 
thoroughgoing affective interpretation. While the model that 
emerges from their integration is no doubt incomplete and open to 
objection, it seems to move us closer to understanding the role 
of affective evaluation in constructing adaptc^d actions and ex- 
tracting knowledge structures from them. There remains, however, 
a small piece of unfinished business. 
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Some Applications 

Although the main thrust of this paper has been theoretical, 
It seems wise to ask, even In a very preliminary way, what empir- 
ical ramifications Integrating Pugh's and CellArler's conceptions 
might have. No studies of our own having yet been undertaken, 
such speculation must be based on existing data. While the exam- 
ples below are In no way exhaustive, they do Indicate three ap- 
proaches to which the notions here may contribute. 

Genevan Studies of Procedures 

Actually, the switch of the Genevan school from studies of 
structures to the study of procedures preceded Cell^rler's theo- 
retical formulation. It was. In fact, officially announced dur- 
ing festivities honoring Plaget's eightieth birthday In 1976 
(Inhelder, Ackermann-Valladao, Blanchet, Karmllof f-Smlth, 
Kllcher-Hagedorn, Montangero, & Robert, 1976) and considerable 
empirical work was done either before Cell^rler's ( 1979a, b) syn- 
thesis or before Inhelder and Plaget's (1979) **Iroc6dures et 
structures." To date, Genevan Investigators hav;a produced some- 
where around a hundred studies on procedures, so obviously every 
aspect of their work cannot be considered. 

As Alex Blanchet (1987, p. 253), the only Genevan to recog- 
nize the affective nature of evaluation, points out, investiga- 
tions of children's problem solving strategies inspired by In- 
helder and Cellar ler have focused on the meanings children apply 
in seekinc .o achieve some goal. While they have produced better 
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understanding of how goals and means become coordinated, on how 
ascending and descending control interact, and on how children 
reconcile different descriptions of an object with one another, 
they have neglected the role that values play. Our purpose in 
examining one such inquiry is, therefore, to see whether affec- 
tive factors have crept undetected into the data. 

In a study focusing on relationships of ascending and de- 
scending control, Boder (1978) asked children to load a truck 
with colored blocks so that they could drive along a little road 
and deposit blocks on loading. They were instructed that the 
block deposited had to be of the same color as the dock. The 
truck was of a size that blocks could only be stacked one on top 
of the other, and the direction of the route was indicated. 
Since blocks had to be unloaded in top down order and since back- 
ing up or turning around were not allowed, it was necessary that 
the blocks be placed in the truck in reverse order to the order 
in which loading docks would be encountered. Children from ages 
four to eight and a half years old were studied. 

Boder found that one reaction of children from four to about 
five and a half years of age r group 1 ^ was to load the blocks in 
essentially arbitrary fashion. Although children reacting in 
this way seemed to try to coordinate color, they did so in a pe- 
culiar way. When they had a block in hand they appeared to match 
it to a particular loading dock, but they did not consider the 
loading docks only once or consider them in order. Consequently, 
they loaded several blocks for some loading docks and none for 
others. This resulted not only in a lack of correspondence be- 
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tween the order of the blocks loaded and the order of the loading 
docks but also In lack of correspondence between the number of 
the blocks in the truck and the niiinber of loading docks along the 
road. Boder does not report what happened when mismatches oc- 
curred during unloading. 

Other children in this group ( group 2 ) understood that it 
was necessary to organize how the blocks were loaded but still 
did not organize loading to correspond to unloading contingen- 
cies. Usually, these children put the correct number of blocks 
in the truck and often the correct number of each colo^ Oddly 
however, they put all the blue blocks in first, the yellow sec- 
ond, or vice versa, even though this violated the unloading or- 
der. 

A third group f group 3 ) indicated progress toward coordinat- 
ing loading with unloading but without complete success. One 
child, for example, noticed that somewhere along the route there 
were two blue loading docks together. He began, therefore, by 
putting two blue blocks into the truck, explaining, "I start 
there because there is another blue and that's not hard." Some- 
times subjects in this group also reversed the direction in which 
the truck was going, a violation of instructions, in order to 
achieve better correspondence. 

A fourth reaction appearing in this s/roup and one that per- 
sisted into l-^ter ages r group 4 ^ , was to alternate loading blue 
and yellow blocks without keeping count of the number loaded or 
making that number correspond to the number of loading docks. In 
consequence, both the order of the colors and the number of 
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blocks loaded proved incorrect. Apparently, alternation seemed 
the most significant aspect of the situation. 

In children five and a half to eight and a half, the notion 
that the loading docks dictate both the number and order of the 
blocks to be loaded becomes stable, but the need for inversion 
presents problems. A subgroup of these (grroup 5^ put a block 
corresponding to the first loading dock into the truck first, a 
block corresponding to the second dock second, etc. This, of 
course, puts the block for the first dock on the bottom of the 
pile and makes it impossible to unload it first. Subjects in 
this group could not correct their strategy. 

Some children who make this mistake, however, come to under- 
stand that their error consists in reversing the unloading order 
and begin to correct it ( group 6 ^ . This is done by inverting the 
order of only two or three elements at first, but eventually it 
leads in certain individuals to complete inversion and success. 

Because the task involved is highly intellectual and rela- 
tively easy, it might be thought that affective approximating de- 
vices would not be needed. That assumption is strengthened by 
the fact that Boder's analysis has to do with ascending and de- 
scending control and makes no mention of values or affectivity. 
Nevertheless, it is instructive to consider his data, particu- 
larly his minute descriptions of the childrens' struggles, from 
the affective point of view. Despite the paucity of affective 
description, doing so reveals that even in activity of supposedly 
so rational a nature, affectivity is at work at every turn. 
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Three questions need consideration: first, what are the 
childrens' goals at various stages of activity; second, how do 
they decide on the methods used; and third, what terminates ac- 
tivity. With regard to the first question, all children, appar- 
ently, start off wanting to follow the instruction. It seems un- 
likely that children would be forced, and no protests are de- 
scribed. True, had children been asked eibout their motives, they 
might kave given ''rational** justifications, but these would take 
forms such as, don't want to be punished," "I want you to 
like me,** or "I just want to," etc., for the simple reason that 
there is no basis Cher than feelings on which to decide such 
questions. Since wanting to comply with the experimenter means 
accepting the instruction that the blocks are to be carried to 
the loading docks in the truck and not transported in some other 
manner, that subgoal now inherits affective value. Children of 
this age know, of course, that in order to comply with the in- 
struction, the blocks must be loaded before the truck drives 
along the road, so this activity next gains favor, and they set 
to work. But this dees not mean that affective mechanisms can 
take a rest. Net only are three forms of correspondence desired, 
i.e., correspondence of color, number, and order, but the entire 
motivational framework is constantly open to revision, depending 
upon reassessments of interest, fatigue, concentration, etc. 
Why, for example, should group 1 subjects first set the subgoal 
of matching color? It is not enough to say they do not under- 
stand or that knowledge or computationaal resources are insuffi- 
cient. These subjects can count and could, therefore, have made 
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similar mistakes by centering on number. The truth of the matter 
is that affective mechanisms in the form of rather primitive 
preferences determine the relative salience of these factors. 
And as Boder points out quite clearly, progress requires that the 
subject "distance" himself from biases of this sort which are 
multiple. 

Turning to the second question, i.e., how do subjects decide 
on the methods used, it seems obvious that Pugh's "intellectual 
values" guide many of the choices. In general, such values play 
off the cost of computation in terms of time and effort against 
the degree of accuracy desired. From that point of view, it is 
clear that group 2 subjects have opted to minimize effort with 
their sf:rategy of counting the number of each color needed and 
loading them into the truck in bunches. What they save in enr>rgy 
is, of course, sacrificed in accuracy, since order is not consid- 
ered. While in simple tasks where total accuracy can reasonably 
be required, their error may seem quite stupid; it becomes ac- 
ceptable in many real life situations. The IRS, for example, 
fails to collect billions of dollars in taxes each year because 
of the tremenduous cost of accurate calculation. Faced with mil- 
lions of complicated tax reports, shortcuts of the sort employed 
by group 2 children become quite reasonable. 

Briefly examining the other groups, it is clear that intel- 
lectual values operate in choosing methods at every level. There 
is space for only two examples. "Via" in group 3 says explicitly 
that he put two blue blocks in the truck first because he could 
see that there were two blue loading docks together and that that 
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part of the problem was easy. And even the highest level sub- 
jects who succeed by carefully considering the order of the docks 
when the road is straight and they can inverse a simple right 
left order persist in reading right to left after a curve has 
been introduced reversing the order of the last three docks. In 
other words, the curve changes the order **yellov, blue, yellow, 
blue, blue** to **yellow, blue, blue, blue, yellow.** Rather than 
follow the truck's movements in their heads as they did in dis*- 
covering the straight-road solution, subjects substitute the 
strategy **load in reverse right-left order,** even though doing so 
leads to error. Again, this reflects affective choices corre- 
sponding to Janet's ** economy of action,** to Piaget's ** synchronic 
aspect of affectivity, ** and to Pugh's ** Intellectual values.** 
Finally, Boder gives little information relative to our 
third question having to do with the termination of action. 
Since the majority of his subjects do not succeed and since there 
is no reason to believe that they are still working on the prob- 
lem, we must assumed that something turned them off. Either they 
lost interest, complied with Boder 's request that they stop, or 
gave up for other reasons. No doubt some were extremely frus- 
trated, as witness the five and a half year old who finally fig- 
ured out that he would have to put the block corresponding to the 
first dock on top, became distressed about the pseudocontradic- 
tion that it is firs t off the truck but last into it, and con- 
cluded that although the block must be in the truck it was impos- 
£ii2lfi to pat it on top. In this instance, the exclamation point 
after his final answer must be read as an affective marker. 
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Eyamplea from 

Decision Science 

As mentioned in footnote 10, the index to Kahneman, Slovic, 
and Tversky's (1982) book, Judgment U nder Uncertainty; — HfiU£ifi= 
tics and Biases , contains no references to affective terms of any 
sort even though article after article refers to affective pro- 
cesses. Let us, therefore, examine one of the articles to see 
how affectivity comes into pl<' y. 

In a paper entitled "Facts versus Fears: Understanding Per- 
ceived Risk," Slovic, Fischhoff, and Lichtenstein (1982) point 
out that even when considerable statistical evidence is available 
as a basis for deciding important protection issues, "facts can 
only go so far toward developing policy. At some point, human 
judgment is needed to interpret the findings and determine their 
relevance" (p. 463). As in so much of this literature, the im- 
precise use of language is disturbing. Is the reader to under- 
stand that there are two deciding agents, that up to a point 
facts decide issues and after that people do? What are facts, 
what is judgment, and what is the relationship between the two? 
As best can be determined, the distinction that the authors wish 
to make is one between rational decisions based upon probabili- 
ties calculated from systematically established information and 
Irrational, "heuristic" decisions based upon probabilities esti- 
mated from criteria of another sort. Rather than attempting to 
straighten all this out, let us simply note that the basic thesis 
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to be supported by the studies cited Is that risk assessment is 
"inherently subjective** and that knowing the limitations of such 
assessments is crucial to effective decision making.** 

The first group of studies cited by the authors have to do 
with ** judgmental biases in risk perception.** Essentially, the 
authors argue that people are ususally forced to make estimates 
of risk without systematic information and that in doing so they 
employ '^very general inferential rules** that have been brought to 
light by psychological investigations. For example, people often 
assume that the liklihood of some disastrous event is directly 
proportional to the ease with which examples come to mind 
fa ve.ilab.^ lity bias ) . In support of this contention the authors 
cite data from three sources: studies on how people estimate the 
risk of floods; studi^^s on the relationship of earthquakes and 
sales of earthquake inauranca; and studic ) on the reaction to 
pu]:^lic discussion of the ris\s of recomb lant DNA research. In 
the first instance, it has been shown that despite the availabil- 
ity of good evidence to the contrary, people tend to believe that 
future f loo. s will not exceer! in extent or severity the flood 
most recently experienced. In the second instance, it is known 
that the sale of earthquake insurance increases sharply after an 
earthquake occurs and decreases as **memories fade.** In the third 
instance, it was found that initial praise for scientists' an- 
nounce4ient of possible risks from recombinant DNA experiments 
soon transformed into outrage as speculation escalated and sce- 
narios became more ** scary.** 
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It Is instructive to compare the way Slovic, et al, explain 
these finding with Pugh's ideas about decision making. In the 
first instance, Slovic and his colleagues argue that fiftfifi of re- 
membering becomes a criterion of probability. This takes on af- 
fective significance when one remembers that ease is a feeling 
and that Pugh links it explicitly to intellectual values. More- 
over, this significance is considerably increased by evidence 
that affective experience influences how memory is organized, so 
that ease of remembering may well be linked to other sorts of 
feelings. In the second instance, Sovic, et al, again invoke a 
principle of memory to explain the findings, i.e., fading memory 
of an earthquake is responsible for decreasing sales of earth- 
quake insurance. Assuming that they are correct, the question 
then becomes, "What causes memories to be vivid and then to 
fade?" There seems little doubt, moreover, that it is not the 
memory itself that faded. Subjects asked to recall the earth- 
quake no doubt could recall its major features, although some de- 
tail would eventually be lost. The fading factor that motivates 
insurance purchases would much more reasonably be identified with 
subjects' fear , i.e., with fading feolings. Not only would this 
make affective evaluation a central feature in the decision pro- 
cess, but it would also illustrate Pugh's principle of "time de- 
pendence" as part of any value structure. Finally, Slovic and 
his colleagues invoke a frankly affective explanatio;i in the re- 
combinant DNA example: they mention "heat" and "scariness" as 
explanatory principles. They do not, however, go on to interpret 
affects as heuristic evaluation mechanisms in Pugh's manner. The 
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aff«ctiv« nature of many heuristic decision mechanisms remains 
Implicit In their work. 

Although this only touches on the treasure chest of data in 
Slovic, et al's, paper and in Kahneman, et al's, book that could 
be reinterpreted from the affective point of view, there is space 
for only one more example. Its purpose will be to demonstrate 
the lengths the authors go to to avoid invoking affective princi- 
ples. It concerns what Slovlc and his colleagues call the **lt 
won't happen to me** heuristic. To Illustrate this decision 
strategy, they cite studies showing that most individuals believe 
themselves to be better than average drivers, to be more likely 
than average to live past 80, and less than likely to be harmed 
by the products they employ. Their explanation of these judg- 
ments is b&3ed upon the notion that people are poor statisti- 
cians; it seems more likely that in making such decisions, most 
people are not statistically engaged. For example, Slovlc, et 
al, suggest that the reason people think they are such good 
drivers has to do with the fact that **desplte driving too fast, 
tailga^.ing, etc., poor drivers make trip after trip without 
mishap. This personal experience demonstrates to them their ex- 
ceptional skill and safety. Moreover, their indirect experience 
via the news media shows them that when accidents happen, they 
.lappen to others.** Would it were that people were so reasonable. 
It seems likely, however, that people base their belief in being 
good drivers only very partially on such reasons. Vanity, anxi- 
ety about death, and numerous other affective factors play into 
how people assess their driving. Moreover, careful scrutiny of 
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th« reasoning behind such decisions would reveal mechanisms of 
repression, denial, and the lilce, nalcing explanation much more 
complicated than poor statistics. 

Let us conclude this example by pointing out that despite 
their resistance to affective language and their limited under- 
standing of affective theory, Slovic and his colleayues appear to 
agree with the central premise underlying the worlc of Pugh. This 
is illustrated by the following excerpt having to do with the 
technical obstacles impeding rational estimation of how probable 
serious nuclear reactor eccidents: 

The technical reality is that there are few "cut-and-dried 
facts" regarding the probabilities of serious reactor 
mishaps. The technology is so new and the probabilities in 
question are so small that accurate rislc estimates cannot be 
based on empirical observation. Instead, such assessments 
must be derived from complex mathematical models and gybigg- 
^i Vfi judgments (author's italics; p. 486). 
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AS a final illustration, let us turn from studies conducted 
on the nicrogenetic time scale to examine an account of histori- 
cal construction. We do this in the belief that such studies are 
no less empirical than "experimental" microgenetic studies, al- 
though the nature of the data is quite different (Garcia, 1983) . 
We also do it because they illustrate quite well how Pugh's sec- 



3 



Affectivltv, 53 

ondary valuM evolvs and how C«114rlar'8 eplstenlc transformation 
op«ratM In history. 

Ths text at Issus Is Laudan's Sclsnce and Valuss , In this 
work, Laudan is concsmed with two puzzles concerning science. 
On the one hand, there is the puzzle of how, in a social world of 
such diversity, scientists ever can Agree. On the other han^, 
there is the puzzle of how the disagreement or dissensus ir>creas- 
Ingly recognized in science can be explained the defining feature 
of science is adherence to methods producing consensus. 

Laudan begins his analysis by considereing the best known 
theory of how consensus is formed. This he summarizes in what he 
calls ''The Simple Hierarchical Model of Rational Consensus Forma- 
tion." Essentially, this model holds that di-» ^.crreement can occur 
and be resolved on three hierarchized levels. The first level of 
disagreement is factual , the lowest level in the hierarchy. Ac- 
cording to this theory, agreements at this level are settled by 
evidentiary rules to which all scientists adhere. There are, 
however, dise^qreaments at a second level which facts do not re- 
solve. These are disputes about the rules of evidence or rules 
of procedure and their application used to settle factual dis- 
putes. Methodological disagreements of this sort, according to 
the hierarchiacal model of consensus, must he resolved on an axi- 
ological basis. The reason this is so Is that methods are means 
of achieving scientific goals and can, therefore, be evaluated in 
terms of their effectiveness in realizing scientific or cognitive 
ideals. Here, however, the strategy of resolving problems on one 
level at the next higher level in the hierarchy breaks down. hUz 
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loloalcal disputes, that is disagreements about the aims and 
goals of science, are either held not to exist on the grounds 
that all scientists share identical values; or, if they are ad- 
mitted to exist, they are held to be incapable of resolution. 
Laudan carefully docur nts each contention. 

particularly relevant to our purposes are his examples con- 
cerning the supposedly unrevisable nature of scientific goals. 
Reichenbach, he points out, believed that goals in general, in- 
cluding scientific goals, are not rationally negotiable. He 
quotes Reichenbach as follows: " ^It anyone tells us that he 
studies science for his pleasure [as opposed to his doing science 
because he wants to know the truth], . . . it is no statement at 
all but a decision and everybody has the right to do what he 
wants .... [When we propose an aim for science, we cannot] 
demand agreement to our proposal in the sense that we can demand 
it for statements which we have proven to be true' " (p. 49) . 
Similarly, Laudan points out that Popper believed that realism 
and instrumental ism were both internally consistent accounts of 
science and that which account one chose "ultimately reduced to 
an irresolvable matter of taste." Laudan sums up: 

The thrust of such arguments [is that if] a certain set of 
cognitive ends or values is internally consistent, then 
there is no scope for a rational evaluation of those aims or 
for a rationally grounded comparison of those aims with any 
other (consistent) set. We may or may not like a certain 
set of goals; we may or may not share them. But these are 
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•motive matters, quite on a par with other siibjectlve ques- 
tions of personal or sexual preference (p. 49). 

Laudan, of course, believes that the unrevisability of goals 
is false and denies the hierarchical model. In its stead he 
erects ''The Triadic Network of Justification'' where theories, 
methods, and aims form a triangle and influence one another mutu- 
ally. The relationships envisioned by Laudan specify that theo- 
ries must be consistent with aims and constrain methods while at 
the sc^me time being justified by them. Conversely, methods jus- 
tify theories and realize aims while being constrained by theo- 
ries and justified by aims. And finally, aims must be in harmony 
with theories while at the same time both justifying methods and 
being realized by them. All of this is illustrated in Figure 3. 



Figure 3 about here 



What makes it possible for Laudan to bend what was formerly 
a straight line into a triangle is his demonstration that scien- 
tists' goals are open to criticism and revision. This destroys 
the hierarchy. As evidence, he cites many 18th century scien- 
tists' realization that the aims of empiricist science, formu- 
lated in the wake of Newton, were no longer desirable. Too many 
phenomena had been discovered tnat were unamenable to explana- 
tions limited to observable entities and processes. Successful 
theories of electricity, of embryology, and of chemistry had to 
invoke unobservable factors for progress to occur. During this 
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epoch also, Lesage's chemical and gravitational theories, Hart- 
ley's neurophysiological ideas, and Boscovich's conception of 
matter were all criticized, not on grotinds of theory or method, 
but because they deviated from empiricist axiology, i.e., from 
ambition or goal of explaining nature in terms of observations. 

Laudan identifies two criteria on which such criicicism and 
revision can be rationally based. The first or "Utopian" crite- 
rion is leveled against goals that, however desirable, cannot be 
realizc^d or that cannot be known to have been accomplished even 
should that t)e the case. Although not cited by Laudan, an exam- 
ple might be the abandonment of Hilbert's search for a finitistic 
absolute proof of consiptency for arithmetic when Godel's theorem 
showed that it was essentially impossible to achieve (Nagel & 
Newman, 1968). The second or "shared archetype" criterion is 
leveled against scientists who do not practice what they preach, 
or in other words, who pursue contradictory goals. As an exam- 
ple, Laudan points out that Newton, despite stressing "hypotheses 
non fingo," had, in fact, used hypotheses. Under attack, Lesage 
employed this fact to defend his own use of hypothetical entities 
and to argue against complete observability as a scientific aim. 
As history has shown, Lesage won; empiricist aims were gradually 
abandoned. 

This brief pr6cis of Laudan 's conception of consensus and 
dissensus in the development of scientific knowledge not only 
provides an excellent illustration of Pugh's notion of secondary 
values but also illustrates how values operate in Cell^rier's 
epistemic transformation. Out of primitive intellectual values, 
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i.e., feelings regulating Intellectual activity in terms of in- 
terest, fatigue, satisfaction with success, disappointment with 
failure, etc., complex secondary values are constructed. !^en 
these are discovered to be inconsistent with primary intellectual 
valuos, as in the exaunple of Lesage abandoining empiricism's as- 
pirations, they must be rejected. But the primary values are not 
themselves open to revision. Scientists will always value intel- 
lectual activity and success, will always husband intellectual 
resources, and will always devalue inconsistency and failure. 
Their goals as well as their theories and methods must retlect 
those values. If they do not, they will eventually be corrected, 
unless the primary value structure, because of its surrogate na- 
ture, is inadequate to the problem or unless competing values 
outweigh the goal of rationality and lead to irremediable disas- 
ter before reason can come into play. 



Conclusion 

Selecting the evaluative aspect of affectivity for analysis, 
we have argued that the functional internalization of organic 
evolution to form the intellectual system required devising some 
means of selecting behavioral variations and that the selective 
mechanism devised wds the affective system. From that perspec- 
tive it is possible to relate Pugh's conception of value-driven 
decision systems and his account of affective mechanisms to Cel- 
l^rier's analysis of the pragmatic and epistemic transformations. 
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Tenuous as the resulting model may be, it gives a picture more 
complete than other models of the role affective evaluations play 
in adapting action and in constructing knowledge. In a prelimi- 
nary way, it also allows us to bring together empirical data on 
problem solving, on decision making, and on the evolution of sci- 
entific thought. Further study is needed to determine whether 
these promising beginnings can mature into a full blown theory in 
which other aspects of affectivity will be included. 
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Tabl« 1. (Adapted from Plaget, 1952/1936, p. 9.) 

BIOLOGICAL PSYCHOLOGICAL CATEGORIES 

FUNCTION FUNCTION OF REASON 

Totality 

y/^ Relation 

Organization > Regulatory y/^ 

Function "^-^-^ Goal (Ideal) 

Means (Value) 

Quality 

y-> X 

Class 

-> Assimilation > Implicative 

Function Quantity 

Number 
Adaptation 

V Object 

■> X 
Space 

•> Accommodation > Explanatory 

Function ^ Causality 

•> X 
Time 
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Figur* 1. rMapt«<i from N«w«ll Simon, 1972, pp. 419^*^431.) 

niff rancaa b«t:wn obi acta. Th« diff«r«nc«« apply to 8ub«xpr«ssions as 
w«ll as total •xprMsions , and ssvsral diffsrsncss nay sxist siaultansously 
for ths utmm sxprsssion. 

dslta t A variabls appsars in ons sxprsssion but not In ths othsr. 

E.g., » ▼ » diffsrs by ♦t froa » ▼ Q, sines it nssds a Q; 
V -> R diffsrs by -t froa R, sines it nssds to loss ths V. 

dslta B A variabls oecurs dif fsrsnt nuabsrs of tiass in ths two 

sxprsssions. E.g., F.ft diffsrs froa (».Q) -> Q by *n sines 
it nssds anothsr » ▼ f diffsrs froa » by -a, sines it 
nssds to rsdues ths nuabsr of f's. 

dslta s Thsrs is a diffsrsnes in ths "sign" of ths two sxprsssions. 
E.g., Q vsrsus -Q/ or «(» ▼ R) vsrsus » ▼ R. 

dslta o Thsrs is a diffsrsnes in binary eonnsetivs. E.g., » -> Q 
vsrsus R ▼ Q. 

dslta g Thsrs is a diffsrsnes in grouping. E.g., » ▼ (Q ▼ ») vsrsus 
(R ▼ Q) V R. 

dslta p Thsrs is a position diffsrsnes in ths componsnts of ths two 
sxprsssions. E.g., R -> (Q ▼ R) vsrsus (Q ▼ R) -> »• 



Opsrators ■ 
Rl 



A V R — > B ▼ A R7 A V (B.C) <— > (A V B) . (A ▼ C) 

A.R — > B.A A.(R V C) <— > (A.B) V (A.C) 



R2 A -> B — > -B -> -A R8 A.R — > A 

R3 A V A <— > A A.B — > B 

A. A <— > A R9 A — > A V X 

R4 A ▼ (B ▼ C) <— > (A V B) V C RIO A > A.B 

A. (B.C) <— > (A.B).C B J 

R5 A V B <— > -(-A.-B) Rll A -> B 

R6 A -> B <— > -A V B A 



J— > B 

R12 A -> B 1— > A 
B -> C 



] 

Connactiona bstwegn D tffsrancea and Operators. ♦, -, or X in a esll means 
that ths opsrator in ths eolumn of ths esll affsets ths differenee in ths 
row of ths esll. ♦ in ths first row msans ♦t, - msans -t, ste. 

Rl R2 R3 R4 RS Ri R7 Rt R9 RIO Rll R12 



dslta 


t 


X 


dslta 


a 


X 


dslta 


s 


S XX 


dslta 


o 


XXX 


dslta 


9 


X X 


dslta 


P 


X X 



- ♦ ♦ - X 

- ♦ ♦ - X 



Criteria of Progress . All differsness in subsxpressions ars less important 
than diffsmess in sxprsssions. For a pair of sxprsssions ths diffsrsness 
ars ranked: ♦t, -t, *n, -a, dslta s, dslta e, dslta g, dslta p, from 
O most iaportant to Isast. E.g., dslta s is ths aors iaportant in comparing 

ERJC (» ▼ Q) with R -> Q, whils d«lta o is ths aors iaportant in coaparing 

™- f ▼ 0 with f -> Q. 64 



Figure 2. (Adapted frois N«w«ll & Simon, 1972, p. 420.) 

Giv«n LI: «. (-f -> Q) 
6iv«n LO: (Q ▼ P) .R 

St«p 1: Goal 1: Transform LI into LO 

St«p 2: Goal 2: Raduca dalta p batvaan LI and LO 

Stap 3: Goal 3: Apply Rl to LI 

Stap 4: Goal 4: Tranafom LI into condition (Rl) 

Stap 5: Produca L2: (*1 -> Q).R 

Stap 6: Goal 5: Tranafom L2 into LO 

Stap 7: Goal 6: Raduca dalta c batwaan laft (L2) and laft (LO) 

Stap 8: Goal 7: Apply R5 to laft (L2) 

Stap 9; Goal 8: Tranafom laft (L2) into condition (R5> 

Stap 10: Goal 9: Raduca dalta c batwaan laft (L2) and 

condition R5 

Stap 11: Rajactad: No aaaiar than Goal 6 

Stap 12: Goal 10: Apply R6 to laft (L2) 

Stap 13: Goal 11: Tranafom laft (L2) into condition 

(R6) 

Stap 14: Produca L3: (P ▼ Q).R 

Stap 15: Goal 12: Tranafom L3 into LO 

Stap 16: Goal 13: Raduca dalta p batween laft (L3) and laft 

(LO) 

Stap 17: Goal 14: Apply Rl to laft (L3) 

Step 18: Goal 15: Tranafom laft (L3) into condition 

(Rl) 

Stap 19: Produca L4: (Q ▼ P).R 

Stap 20: Goal 16: Tranafom L4 into LO 

Stap 21: Identical, QED 
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Flgur« 3: (Froa Laudan, 1984, p. 63) 



Mathods 





Th«orl«s <- 



■> Alms 



HaxTBonlz* 
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